Cytokine-mediated regulation of ovarian function. Tumor necrosis factor alpha inhibits gonadotropin-supported ovarian androgen biosynthesis.
Resident ovarian macrophages have been implicated in the regulation of ovarian function, presumably through local paracrine secretion of regulatory molecules (i.e. cytokines). One such macrophage product, tumor necrosis factor (TNF) alpha, has been shown to attenuate the gonadotropin-dependent differentiation of the somatic ovarian (estrogen-producing) granulosa cell. This study examines the possibility that TNF alpha may also regulate the adjacent androgen-producing theca interstitial cell. The basal accumulation of androsterone (the major androgenic steroid), synthesized by whole ovarian dispersates from immature rats, remained unchanged following treatment with TNF alpha (30 ng/ml) alone. In contrast, concurrent treatment with increasing concentrations of TNF alpha (0.03-30 ng/ml), yielded dose-dependent inhibition of the human chorionic gonadotropin (1 ng/ml)-stimulated accumulation of androsterone. This reversible and immunoneutralizable effect of TNF alpha was characterized by a minimal effective dose of 0.1 ng/ml, a median inhibitory dose of 0.9 ng/ml, a maximal inhibitory effect of 90%, and a minimal time requirement of less than or equal to 48 h. Comparable results were obtained when using highly purified theca interstitial cells, thereby indicating that TNF alpha is capable of exerting a direct inhibitory effect at the level of the ovarian androgen-producing cell. TNF alpha action was not accounted for by alterations in the plated viable cell mass. Instead, treatment with TNF alpha resulted in significant inhibition of the human chorionic gonadotropin-supported accumulation of cAMP, the putative second messenger of gonadotropin hormonal action. TNF alpha action at sites distal to cAMP generation was associated with profound inhibition of the conversion of the [3H]pregnanolone (3 alpha-hydroxy,5 alpha-pregnane-20-one) and [3H]17 alpha-hydroxypregnanolone (3 alpha, 17 alpha-dihydroxy,5 alpha-pregnane-20-one) substrates to androsterone, suggesting stimulation of 20 alpha-hydroxysteroid dehydrogenase activity, inhibition of 17 alpha-hydroxylase/17:20 lyase activity, or both. Taken together, these findings indicate that TNF alpha, acting at relatively low concentrations, is capable of inhibiting gonadotropin-supported ovarian androgen biosynthesis by selectively modulating the activity of relevant key steroidogenic enzymes. As such, these observations suggest that the theca interstitial cell is a site of TNF alpha reception and action and that TNF alpha, possibly of resident ovarian macrophage origin, may partake in the regulation of ovarian androgen production, an effect due in part to inhibition of the activity of the key steroidogenic enzymes 17 alpha-hydroxylase/17:20 lyase.